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Abstract: This study explores associations between patient outcomes (7- and 30-day hospitaliza-
tion and mortality) and healthcare provider (physician and facility) volumes of outpatient
colonoscopy, cataract removal, and upper gastrointestinal endoscopy performed in outpatient sur-
gical settings in Florida. Findings indicate that patients treated by high-volume physicians or facil-
ities had lower adjusted odds ratios for hospitalizations and mortality. When physician and facility
volume were assessed simultaneously, physician volume accounted for larger effects than facility
volume in hospitalization models. When assessing both physician and facility volume together for
mortality, facility volume was a stronger predictor of mortality outcomes at 30 days. Further ex-
aminations of associations of outpatient physician and facility volumes and patient outcomes are
suggested. Key words: outpatient procedures, patient outcomes, volume

HE RELATIONSHIP between hospital
surgical volume and patient clinical
outcome is well documented in the inpatient
literature. Patients receiving care in hospitals
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with higher annual case rates are less likely
to die (Begg et al., 2002; Hannan et al., 1998;
McGrath et al., 2000; Meyerhardt et al., 2003;
Thiemann et al., 1999) and more likely to ex-
perience improved outcomes (Hannan et al.,
2003; Hughes et al., 1987). Several stud-
ies have also established an association
between an individual surgeon’s volume
in the inpatient setting and desirable pa-
tient outcomes (Birkmeyer et al., 2003;
Chowdhury et al.,, 2007; Hannan et al,
1991; Harmon et al., 1999; Losina et al.,
2004; Phillips et al., 1995). This evidence,
linking volume (either hospital, or sur-
geon, or both) to positive outcomes, spans
multiple surgical procedures (Begg et al.,
1998; Hannan et al., 1998; Katz et al., 2004),
conditions (Druss et al., 2004; Holmboe et al.,
20006; Taylor et al., 1997), and age groups
(Hannan et al., 1998; Holmboe et al., 20006;
McGrath et al., 2000; Phibbs et al., 1996).
Despite the growing inpatient-based liter-
ature on the importance of volume for de-
sirable patient outcomes, the relationship
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between volume and ambulatory surgical pro-
cedures is less understood. In fact, 2 sepa-
rate recent systematic reviews of the health-
care literature (Chowdhury et al., 2007; Halm
et al.,, 2002) reported no studies examining
the volume-outcome relationship in the out-
patient surgical setting. Only 1 study com-
bined inpatient and outpatient data available
for endocrine surgeries and discovered a re-
lationship between surgeon volume and posi-
tive patient outcomes (Stavrakis et al., 2007).
This gap in scientific knowledge is impor-
tant to address because over the past decade
the frequency of ambulatory surgeries has in-
creased by 90% and now accounts for 60% to
70% of all surgeries performed in the United
States (MedPAC, 2004).

The purpose of this study is to explore the
effects of physician and facility volumes on
the quality of care in the outpatient setting.
Addressing one of the major limitations from
the inpatient literature (Halm et al., 2002;
Shackley et al.,, 2000), we examine physi-
cian and facility volume simultaneously so
that the independent contributions of each
can be discerned. Moreover, we study 3 of
the most common ambulatory procedures:
colonoscopy, cataract removal, and upper gas-
trointestinal endoscopy. Lastly, we use multi-
ple years of data (1997-2004) and apply a risk
adjustment methodology used by the Centers
for Medicare & Medicaid Services for outpa-
tient data (Pope et al., 2004).

METHODS

Data sources and study population

Three patient-level databases, representing
the 1997 to 2004 time period, were used in
the current study. The ambulatory and the
inpatient datasets were obtained from the
Florida Agency for Health Care Administra-
tion, and vital statistics data were obtained
from the Florida Department of Health.

The ambulatory discharge dataset contains
information on all patients treated in free-
standing Ambulatory Surgery Centers (ASCs)
and Hospital-based outpatient departments
(HOPDs). The dataset available to us includes

patient personal identification numbers; de-
mographic characteristics; primary and up to
4 secondary diagnoses as classified by the I#-
ternational Classification of Diseases, 9th
edition, Clinical Modification (ICD-9-CM);
procedure codes based on Current Procedu-
ral Terminology; payer type; unique facility
identifiers; operating physician license num-
bers; and facility type (ie, freestanding ASCs
and HOPDs). The inpatient hospital discharge
dataset contains information on all hospital
admissions to acute care hospitals in Florida.
The vital statistics dataset includes the state’s
death registry.

For this study, we identified all patients
older than 18 years who received any of the
3 most common ambulatory procedures per-
formed at ASCs or HOPDs in Florida during
the 8-year-study period. We used colonoscopy
(n = 1,232219), cataract removal (n =
2,058,090), and upper gastrointestinal en-
doscopy (n = 1,273,922) in this study. To-
gether these 3 common procedures repre-
sented 33% of all procedures performed in
ASC’s and HOPD’s in Florida during this time
period.

Outcome variables

Using patient identifiers, we merged the
ambulatory data with the inpatient dataset
and vital statistics. Using the inpatient
database, we calculated 7- and 30-day hos-
pitalizations. Hospitalizations are important
outcome measures in the ambulatory surgical
setting because they reflect perioperative
complications, add to healthcare cost, and
are disruptive for patients (Shnaider &
Chung, 2006). We also calculated 7- and
30-day mortality using vital statistics data
(Chowdhury et al., 2007). Seven and 30-day
outcomes were computed from the date of
the ambulatory surgical procedure (Fleisher
et al., 2004, 2007; Menachemi et al., 2007;
Mezei & Chung, 1999; Warner et al., 1993).

Given that not all hospital admissions and
deaths after ambulatory procedures are re-
lated to the procedure itself, we excluded
outcomes that we deemed unrelated. To do
so, before data analysis, the research team of
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physicians and researchers discussed each in-
patient admission diagnosis or mortality cat-
egory, and with a high degree of agreement,
determined unrelated adverse categories for
exclusion using ICD-9-CM codes (ie, prior
admissions or active treatment of any ma-
lignancy, human immunodeficiency virus/
acquired immunodeficiency syndrome, psy-
chiatric disorders, or deaths from suicides
or homicides). The resulting exclusions from
this consensus approach accounted for ap-
proximately 27% of the total eligible patients.
Because of the limitation of administrative
data and the exploratory nature of our study,
we did not characterize the majority of hos-
pitalizations into either related or unrelated
adverse categories associated with outpatient
procedures.

Finally, to distinguish between hospitaliza-
tion and mortality outcomes as well as be-
tween different types of procedures, we cre-
ated an individual data set for each outcome
(ie, 7- or 30-day inpatient admission or death)
for each of the 3 procedures. We treated each
procedure as a separate event performed on
that encounter. We also counted adverse out-
comes only once in cases where the same pa-
tient had multiple encounters for the same
procedure. For example, if a patient had a
colonoscopy and also a cataract surgery, this
would be represented in 2 separate datasets.
However, if a patient had 2 cataract removal
surgeries and later died within a 30-day pe-
riod, this would be represented in the same
data set as 1 encounter and the mortality out-
come counted only once.

Physician and facility-volume variables

We developed 2 types of variables that rep-
resented ambulatory surgery provider volume
(separately for physicians and outpatient fa-
cilities). The first type of volume variable
was created by ranking providers into vol-
ume categories to observe a gradient rela-
tionship between volume and outcomes. We
used operating physician license numbers and
unique facility identifiers to calculate the to-
tal number of procedures that each physi-
cian and each outpatient facility performed
annually during the study period. We then

ranked physicians into low-, medium-, and
high-volume categories according to tertiles.
We used a similar approach in developing
outpatient facility-volume variables. We chose
the highest-volume category (greater than the
67th percentile), to be the reference category.
The ranking of providers into volume tertiles
was done separately for each year during the
1997 to 2004 period.

The second type of volume variable was
measured continuously by taking a natural
log of the total number of procedures that
each physician and each outpatient facility
performed annually during the study period.
This approach was used to observe potential
relationships in studying volume effects and
rare adverse events such as mortality.

‘We used the Florida Agency for Health Care
Administration physicians’ database to cross
check the physicians’ operating licenses. In
some cases we found that healthcare profes-
sionals other than physicians (often ranked in
low-volume category) were listed as operating
physicians for studied procedures. To elimi-
nate the inclusion of such coding errors in
our data, clinicians of any kind with less than
5 cases of a given procedure performed per
year were eliminated from that year’s analysis.
Similarly, outpatient facilities that provided
less than 12 procedures per year of a given
procedure were excluded from that year’s
analyses to decrease potential coding errors.
Collectively, these exclusions resulted in less
than a 2% loss of observations at the patient
level.

Patient characteristics
and risk adjustment

Patient demographic characteristics in-
cluded gender, age, race, and insurance type.
Age was categorized into 5 groups: 18 to 49
years (the reference group), 50 to 64, 65 to
74, 75 to 84, and 85 years or older. Race was
measured as white (the reference group),
African-American or black, Hispanic, or other
(including unknown). Patient insurance type
was categorized as commercial/Preferred
Provider Organization (the reference group),
Medicare, Medicare Health Maintenance Or-
ganization (HMO), Medicaid, Medicaid HMO,
HMO, self pay, or other. Lastly, a measure of
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facility type (eg, ASC or HOPD) was used in
the analyses.

We applied severity of illness measures
using the diagnostic cost groups/hierarchical
condition categories (DCG/HCC) risk-
adjustment methodology (DxCG, 2005).
Several studies using clinical outcomes have
identified the DCG/HCC methodology as hav-
ing superior predictive properties of patient
risk in comparison with alternative risk ad-
justment methods (ie, the Charlson Index, the
Adjusted Clinical Groups and self-reported,
risk-adjustment methods) (Meciejewski et al.,
2005; Petersen et al., 2005). In addition, the
Centers for Medicare & Medicaid Services
utilizes the DCG/HCC methodology when
calculating adjusted payments amounts (Pope
et al., 2004).

We generated a continuous measure of
severity (ie, risk scores) that was produced
by RiskSmart Stand Alone, V.2.1 software,
using the DCG/HCC methodology (DxCG,
2005). We used all available diagnoses (up
to 5) codes (ICD9-CM) present in the am-
bulatory discharge data to classify patients
into clinically homogeneous and meaningful
condition categories (Petersen et al., 2005;
Pope et al., 2004). The condition categories
were then grouped hierarchically by severity
(HCC) and ranked according to their histor-
ical cost groups (Petersen et al., 2005; Pope
et al., 2004). Each patient with multiple and
clinically similar diagnoses was assigned into
only 1 group with the highest hierarchy, and
the higher group number indicated his/her
increasing severity due to comorbid condi-
tions. Also, clinically unrelated disease cat-
egories contributed cumulatively in calcula-
tion of an individual’s total disease burden.
The DCG/HCC software translated these HCC
groups into relative risk scores representing
a continuous measure of severity. Risk scores
above the state average score of 1.66 indicated
a higher than average severity level for that
particular patient. In our study, all outpatient
encounters in Florida were used to compute
risk scores.

Statistical analysis

We used a pooled, cross-sectional design
representing multiple years of data (1997-

2004). We separately estimated logistic re-
gression models for each outcome of inter-
est and each method of specifying volume.
All models controlled for the same set of pa-
tient demographic variables and accounted
for patient severity, location of care, cluster-
ing of outcomes within providers (ie, either
physicians or outpatient facilities depending
on the model), insurance type, and time-fixed
effects.

Our null hypothesis was that no relation-
ship exists between volume and patient out-
comes in the outpatient settings. We exam-
ined this hypothesis separately for operating
physicians, facilities, and both physician and
facilities together. In model 1, we examined
differences in patient outcomes by physician-
volume tertiles, and separately by a log of
the total number of procedures performed
by a physician annually. Model 2 examined
outcomes by facility-volume tertiles and sep-
arately by a log of facility volume. In model
3, we simultaneously examined the effects of
physician and facility-volume tertiles, and sep-
arately log of physician and log of facility vol-
umes, on patient outcomes. We utilized the
tests of restrictions to compare coefficients
of physician and facility-volume effects and
to determine whether physician or facility ef-
fects had greater influence on patient out-
comes. Model 3 was warranted because we
did not detect any statistically significant inter-
actions or correlations between physician and
facility-volume variables for any studied pro-
cedures or outcomes. Human subject commit-
tee approval was obtained from our university
institutional review board.

RESULTS

Table 1 reports the mean numbers of pro-
cedures and volume cutoffs that were de-
scriptive of low-, medium-, and high-volume
providers. In a given year, a mean of 1111
physicians performed colonoscopies, 769
physicians performed cataract removals, and
973 physicians performed upper gastrointesti-
nal endoscopies each year. In a given year,
a mean of 312 facilities provided colono-
scopies, 255 facilities provided cataract surg-
eries, and 305 provided upper gastrointestinal
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Table 2. Unadjusted 7- and 30-day hospitalization and mortality rates by physician- and facility-volume

categories and by procedures (1997-2004)

Physician-volume category Facility-volume category
Low Medium High P Low Medium High p

Colonoscopy
Hospitalization, 7 d, % 0.76 0.62 0.48 .0001 0.66 0.56 0.50 .0001
Hospitalization, 30 d, % 2.43 1.75 1.48 .0001 2.01 1.70 1.50 .0001
Mortality, 7 d, % 0.01 0.01 0.01 .8270 0.01 0.01 0.01 .9182
Mortality, 30 d, % 0.09 0.08 0.08 .4742 0.09 0.09 0.07 .0034
Cataract removal
Hospitalization, 7 d, % 0.41 0.39 0.32 .0001 0.40 0.35 0.32  .0001
Hospitalization, 30 d, % 1.69 1.46 1.22 .0001 1.52 1.42 1.23 .0001
Mortality, 7 d, % 0.02 0.02 0.01  .3590 0.02 0.02 0.01 .3467
Mortality, 30 d, % 0.11 0.09 0.09 .0415 0.11 0.09 0.08 .0093
Upper gastrointestinal

endoscopy
Hospitalization, 7 d, % 1.20 0.80 0.77 .0001 0.92 0.84 0.77  .0001
Hospitalization, 30 d, % 3.77 2.66 252 .0001 3.08 2.81 2.49 .0001
Mortality, 7 d, % 0.06 0.04 0.04 .0151 0.04 0.04 0.04 .5416
Mortality, 30 d, % 0.31 0.23 0.22 .0001 0.26 0.25 0.21 .0001

endoscopies. For colonoscopy, low-volume
physicians performed a mean of 35 (range =
5-99), medium-volume physicians performed
a mean of 248 (range = 100-408), and high-
volume physicians performed a mean of 656
(greater than 409), procedures per year. In the
case of facilities, for colonoscopy, low-volume
providers performed a mean of 228 (range =
12-450), medium-volume facilities performed
a mean of 767 (range = 451-1229), and high-
volume facilities performed a mean of 2342
(>1230). Overall, high-volume physicians and
facilities were less likely to treat non-white pa-
tients or patients with higher severity of ill-
ness. However, high-volume physicians and fa-
cilities were more likely to treat private-pay
patients and to care for them in an ASC set-
ting (Table 1). These patterns were observed
across all studied procedures (all P values <
.0001).

Table 2 displays the unadjusted rates of 7-
and 30-day hospitalizations and mortality by
provider-volume tertiles. In general, the over-
all rates of adverse events were low as was
expected for outpatient providers. Seven-day
and 30-day hospitalization rates did not ex-

ceed 1.20%, and 3.77%, respectively (both
for upper gastrointestinal endoscopy). Mortal-
ity rates were generally lower than one half
of 1%. Overall, high-volume providers had
lower rates of hospitalizations and mortality.
These differences were statistically significant
with the exception of 30-day mortality for
colonoscopy and most of 7-day mortality for
other procedures (Table 2).

Seven- and 30-day hospitalizations

When considering physician volume only
(Model 1), an increase in volume was as-
sociated with a decrease in hospitalizations
among all 3 procedures for both 7-day and 30-
day hospitalizations (Table 3). For example,
when considering 7-day hospitalizations after
colonoscopy, patients treated by low-volume
physicians (odds ratio, 1.57; 95% CI, 1.39-
1.76) and medium-volume physicians (odds
ratio, 1.31; 95% CI, 1.22-1.41) had statisti-
cally significantly higher odds of being hospi-
talized than patients treated by high-volume
physicians. When physician volume was mea-
sured as a log of the total number of proce-
dures that each physician performed annually,
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Table 3. The separate effects of physician volume (model 1) and the facility volume (model 2) on 7- and
30-day hospitalizations by ambulatory surgical procedures (1997-2004)*

Ambulatory surgical procedure

Upper
Cataract gastrointestinal
Colonoscopy removal endoscopy
7-day hospitalization
Model 1: Physician Volume tertile 3 1.00 1.00 1.00

volume only (high)
Volume tertile 2 1.31 (1.22-1.4DF 1.19 (1.10-1.29)"  1.04 (0.98-1.10)
(medium)
Volume tertile 1 1.57 (1.39-1.76)" 1.24 (1.10-1.40)" 1.51 (1.38-1.65)"
(low)
Model 1: Log of Odds Ratio and CI ~ 0.82 (0.79-0.85)" 0.90 (0.87-0.93)" 0.89 (0.86-0.93)f
physician volume only Coefficient —0.20 (0.02)" —0.10 (0.02)" —0.11 (0.0
estimate and SE
Model 2: Facility volume Volume tertile 3 1.00 1.00 1.00
only (high)
Volume tertile 2 1.15 (1.05-1.26)F 1.10 (1.00-1.20)% 1.08 (1.01-1.15)¢
(medium)
Volume tertile 1 1.32 (1.19-1.47)" 1.28 (1.12-1.46)" 1.19 (1.09-1.3Df
(low)
Model 2: Log of facility =~ Odds ratio and CI  0.90 (0.86-0.94) 0.91 (0.88-0.95)f 0.93 (0.90-0.97)1
volume only Coefficient —0.11 (0.02)" —0.09 (0.02)' —0.07 (0.02)1
estimate and SE
30-day hospitalization
Model 1: Physician Volume tertile 3 1.00 1.00 1.00
volume only (high)
Volume tertile 2 1.14 (1.09-1.20)" 1.14 (1.07-1.2D  1.04 (1.00-1.08)
(medium)
Volume tertile 1 1.49 (1.38-1.6DF 1.27 (1.19-1.36)T 1.40 (1.32-1.49)f
(low)
Model 1: Log of Odds ratio and CI  0.87 (0.84-0.89) 0.91 (0.88-0.93)! 0.91 (0.88-0.94)"
physician volume only Coefficient —0.14 (0.0D1 —0.10 (0.02)1 —0.09 (0.02)
estimate and SE
Model 2: Facility volume Volume tertile 3 1.00 1.00 1.00
only (high)
Volume tertile 2 1.10 (1.04-1.16)* 1.12 (1.04-1.19)% 1.09 (1.04-1.14)"
(medium)
Volume tertile 1 1.25(1.17-1.39T 1.21 (1.10-1.33)" 1.22 (1.14-1.29)f
(low)
Model 2: Log of facility = Odds Ratio and CI ~ 0.92 (0.89-0.95) 0.92 (0.88-0.95)" 0.92 (0.90-0.94)"
volume only Coefficient —0.09 (0.02)f —0.09 (0.02)f —0.09 (0.0Df

estimate and SE

*Models 1 and 2 each controlled for patient severity, gender, race, payer type, and location of care (freestanding
ambulatory surgical center or hospital-based outpatient department), time fixed-effects, and clustering of outcomes
within providers.

P < .001.

ip < .05.

§p < o1.
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we observed significant and negative relation-
ships. Similar statistically significant trends
were observed when examining 30-day hos-
pitalizations (Table 3).

When considering facility volume only
(Model 2), an increase in volume was
associated with improved 7- and 30-day
hospitalization outcomes across all proce-
dures as well (Table 3). For example, pa-
tients treated by low-volume outpatient fa-
cilities (colonoscopy: odds ratio, 1.32; 95%
CI, 1.19-1.47) and medium-volume facili-
ties (colonoscopy: odds ratio, 1.15; 95%
CI, 1.05-1.26) were more likely to have a
7-day hospitalization than patients treated
by high-volume facilities. When facility vol-
ume was measured as a log of the total
number of procedures, we found that as
the volume of colonoscopies performed by
a facility increased, the patient’s likelihood
of hospitalization at 7-day decreased. Simi-
larly, 30-day hospitalization rates were signif-
icantly higher in low- and medium-volume
facilities when compared with high-volume
facilities.

When simultaneously testing the effect of
physician and facility volume on 7-day and
30-day hospitalization (model 3), the magni-
tude of effect for physician volume decreased
slightly but the overall strength of statistical
significance remained consistent in the mod-
els representing each of the procedures ex-
amined (Table 4). However, the relationship
between facility volume and hospitalizations
were weakened in both magnitude and signif-
icance among all the procedures examined,
particularly in the analysis of 7-day hospi-
talization. These findings were observed in
models with physician and facility volumes
measured as either categorical or continuous
variables.

Lastly, we used the tests of restrictions
to determine whether the standard coeffi-
cients of physician volume were different
from the standard coefficients of the facility
volume in model 3. We found that the physi-
cian volume effects were statistically signifi-
cantly greater than the facility-volume effects
in colonoscopy and upper gastrointestinal en-

doscopy procedures for several comparisons
(Table 4).

Mortality

When examining mortality at 7 and 30 days,
we did not observe any statistically significant
gradient relationship between physician- and
facility-volume tertiles and patient mortality
outcomes. However, statistically significant
relationships were observed between log of
physician or log of facility volumes and mortal-
ity outcomes. Therefore, we present the main
findings in terms of log of physician and log
of facility volumes in Table 5.

When considering physician volume only
(model 1), we found that volume was not as-
sociated with mortality outcomes in most pro-
cedures at 7 days and 30 days with the excep-
tion of the 30-day cataract removal (Table 5).
In this case, we observed a negative and signif-
icant relationship indicating that as the physi-
cian volume increased, the patient’s likeli-
hood of morality at 30 days following surgery
decreased (Table 5).

When considering facility volume only
(model 2), an increase in volume was asso-
ciated with improved 7- and 30-day mortality
outcomes across several procedures (Table 5).
For example, the likelihood of patients dying
at 7 days and 30 days decreased as the fa-
cility volume of cataract removals increased.
Similar relationships were observed in the 30-
day colonoscopy and upper gastrointestinal
endoscopy models (Table 5)

When simultaneously testing the effect of
physician and facility volume on 7-day and 30-
day mortality outcomes (model 3), the magni-
tude and significance of effects for physician
volume have decreased in the models rep-
resenting each of the examined procedures
(Table 6). The previously significant relation-
ships between facility volume and mortality
remained in both magnitude and significance
in the 30-day mortality models.

We also used the tests of restrictions to
determine whether the standard coefficients
of physician volume were different from the
standard coefficients of facility volume in
model 3. We found that the facility-volume
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Table 4. The simultaneous effects of physician and facility volume (model 3) on 7- and 30-day hospital-
izations and tests of restrictions comparing differences between physician- or facility-volume coefficients
(1997-2004)*

Ambulatory surgical procedure
Upper
Cataract gastrointestinal
Colonoscopy removal endoscopy
7-day hospitalization
Model 3: Physician Volume tertile 3 ¢high) 1.00 1.00 1.00
volume Volume tertile 2 1.28 (1.19-1.38)"  1.17 (1.08-1.27)"  1.02 (0.96-1.08)
(medium)
Volume tertile 1 (low) 1.50 (1.33-1.69T 1.21 (1.08-1.36)} 1.46 (1.33-1.60)t
Facility volume Volume tertile 3 ¢high) 1.00 1.00 1.00
Volume tertile 2 1.11 (1.02-1.20)8  1.07 (0.98-1.16)  1.06 (1.00-1.12)%
(medium)
Volume tertile 1 (Low) 1.20 (1.08—1,32)1L 1.20 (1.05—1.37);t 1.13 (1.04—1.22)1
Tests of restrictions Physician vs facility 5.268 2.7 0.57
tertile 2
Physician vs facility 6.295 0.006 14.931
tertile 1
Model 3: Log of Odds ratio and CI 0.83 (0.80-0.86)T  0.92 (0.89-0.95)T  0.90 (0.86-0.95)F
physician volume Coefficient estimate and ~ —0.19 (0.02)" —0.09 (0.02)f —0.10 (0.02)f
SE
Log of facility volume  Odds ratio and CI 0.94 (0.90-0.98)%  0.96 (0.93-1.00) 0.96 (0.90—0‘99)§
Coefficient estimate and —0.06 (0.02)* —0.04 (0.02) —0.04 (0.02)§
SE
Tests of restrictions Physician vs facility 14.481 2.86 2.848
30-day hospitalization
Model 3: Physician Volume tertile 3 ¢high) 1.00 1.00 1.00
volume Volume tertile 2 1.12 (1.07—1.18)T 1.12 (1,06—1.18)* 1.02 (0.97-1.06)
(medium)
Volume tertile 1 low)  1.43 (1.32-1.55)T 1.24 (1.17-1.33)1  1.35 (1.27-1.43)1
Facility volume Volume tertile 3 ¢high) 1.00 1.00 1.00
Volume tertile 2 1.08 (1.03-1.13)f 1.09 (1.02-1.17)% 1.08 (1.03-1.12)%
(medium)
Volume tertile 1 dow)  1.17 (1.09-1.25)F  1.14 (1.04-1.26)f 1.16 (1.10-1.23)f
Tests of restrictions Physician vs facility 1.13 0.30 3.548
tertile 2
Physician vs facility 11.75F 1.81 11.48F
tertile 1
Model 3: Log of Odds ratio and CI 0.88 (0.86-0.9D)"  0.92 (0.89-0.95)T  0.93 (0.90-0.96)"
physician volume Coefficient estimate and —0.13 (O.Ol)T —0.08 (O.OI)T —0.07 (O.OZ)Jr
SE
Log of facility volume  Odds ratio and CI 0.94 (0.92-0.97)"  0.96 (0.94-0.99)F  0.95 (0.92-0.96)F
Coefficient estimate and ~ —0.06 (0.0 —0.04 (0.01)* —0.07 (0.01)F
SE
Tests of restrictions Physician vs facility 9.85% 5198 0.04

*Model 3 included both categorical measures of physician and facility volume in the same analysis, controlled for
patient severity, gender, race, payer type, location of care (freestanding ambulatory surgical center or hospital-based
outpatient department), time-fixed effects, and clustering of outcomes within providers and also tested for differences
in coefficients comparing physician- and facility-volume tertiles.

P < .001.

iP<.01.

§p < .05.
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Table 5. The separate effects of physician volume (model 1) and the facility volume (model 2) on 7- and
30-day mortality by ambulatory surgical procedures (1997-2004)*

Ambulatory surgical procedure

Colonoscopy

Upper
Cataract gastrointestinal
removal endoscopy

7-day mortality

Model 1: Log of Odds ratio and CI

physician volume Coefficient

only estimate and SE
Model 2: Log of Odds ratio and CI

facility volume Coefficient

only estimate and SE
30-day mortality
Model 1: Log of Odds ratio and CI
physician volume Coefficient

only estimate and SE
Model 2: Log of Odds ratio and CI

facility volume Coefficient

only estimate and SE

1.02 (0.81-1.27)
0.02 (0.11)

0.99 (0.83-1.19) 0.83 (0.75-0.93)f
—0.01 (0.09)
0.97 (0.89-1.06) 0.93 (0.88-0.97)*

—0.03 (0.05)

0.88 (0.80-0.96) 0.90 (0.86-0.95)"
—0.13 (0.05)}

0.93 (0.84-1.02)
—0.08 (0.05)

0.99 (0.86-1.13)
—0.01 (0.07)

0.98 (0.86-1.12)

—0.18 (0.05)" —0.02 (0.07)

0.97 (0.91-1.04)
—0.08 (0.02)* —0.03 (0.09)
0.90 (0.83-0.96)*

—0.11 (0.02)' —0.11 (0.049)*

*Models 1 and 2 each controlled for patient severity, gender, race, payer type, and location of care (freestanding ambu-
latory surgical center or hospital-based outpatient department), time-fixed effects, and clustering of outcomes within

providers.
P < .001.
p<.01.

§p<.05.

effects were statistically significantly differ-
ent than the physician-volume effects in
colonoscopy and upper gastrointestinal en-
doscopy procedures, indicating that facility
volume is a stronger predictor of patient
outcomes measured as mortality at 30 days
(Table 6).

DISCUSSION

To our knowledge, this is the first study
to examine whether an association exists be-
tween physician and facility volumes and pa-
tient outcomes exclusively for the outpatient
setting. Our results show a consistent and
dose-responsive pattern demonstrating that,
as volume increases, patient outcomes im-
proved for all 3 procedures. Specifically, pa-
tients treated by high-volume physicians or in
high-volume facilities had lower rates of 7-and
30-day hospitalizations. When physician and

facility volumes were assessed simultaneously,
physician volume demonstrated stronger ef-
fects than facility volume in terms of magni-
tude and levels of significance. In 2 out of
the 3 procedures, the physician volume ef-
fects were greater than the outpatient facility-
volume effects. As for mortality outcomes,
we found more limited physician volume and
facility-volume effects. The facility-volume ef-
fects were stronger for magnitudes and levels
of significance than physician-volume effects
in terms of the 30-day mortality outcomes.
Our results are consistent with many
studies from the inpatient literature that have
found a relationship between procedural
volume and patient outcomes. For example,
in a recently published comprehensive re-
view (Chowdhury et al., 2007), an inverse
relationship between surgeon volume (43 of
58 studies) and hospital volume (94 out of
127 studies) was linked to various inpatient
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Table 6. The simultaneous effects of physician and facility volume (model 3) on 7- and 30-day mortality
and tests of restrictions comparing differences between physician- or facility-volume coefficients (1997-

20049)*
Ambulatory surgical procedure
Upper
Cataract gastrointestinal
Colonoscopy removal endoscopy
7-day mortality

Model 3: Log of
physician volume

Odds ratio and CI
Coefficient
estimate and SE

Log of facility Odds ratio and CI

facility
30-day mortality
Model 3: Log of
physician volume

Odds ratio and CI
Coefficient
estimate and SE

Log of facility Odds ratio and CI

facility

1.02 (0.81-1.29)
0.02 (0.12)

0.99 (0.82-1.19) 0.83 (0.73-0.95)*

volume Coefficient —0.01 (0.09 —0.18 (0.07)* —0.02 (0.06)
estimate and SE
Tests of restrictions Physician vs 0.03 2.29 0.01

1.01 (0.92-1.11)  0.96 (0.91-1.01)
0.01 (0.05)

0.88 (0.81-0.95)" 0.92 (0.87-0.98)*

volume Coefficient —0.13 (0.04)" —0.08 (0.03)} —0.11 (0.03)
estimate and SE
Tests of restrictions Physician vs 4.43% 0.51 5.19%

1.00 (0.88-1.14)
0.003 (0.07)

0.99 (0.86-1.14)
—0.01 (0.07)

0.98 (0.88-1.10)

1.01 (0.94-1.08)

—0.04 (0.03) 0.01 (0.04)

0.89 (0.85-0.95)f

*Model 3 included both categorical measures of physician and facility volume in the same analysis, controlled for pa-
tient severity, gender, race, payer type, and location of care (freestanding ambulatory surgical center or hospital-based
outpatient department), time fixed-effects, and clustering of outcomes within providers, and also tested for differences
in coefficients comparing physician- and facility-volume tertiles.

outcomes (Begg et al., 2002; Hannan et al.,
1998; McGrath et al., 2000; Meyerhardt et al.,
2003; Thiemann et al., 1999). Our out-
patient data showed a volume-outcome
relationship for both physician and facility
volume where physician volume explained
a greater percentage of variability in hospi-
talizations for 2 of the 3 procedures studied.
We also found that facility volume was a
stronger predictor of patient mortality out-
comes. In studying the volume-outcome rela-
tionship in outpatient settings, we found that
hospitalization outcomes were more sensitive
to physician volume and mortality outcomes
were more sensitive to facility volume. Future
research should study the volume-outcome
relationship in the outpatient settings using

alternative patient outcomes to validate
our findings. Comprehensive medical chart
abstraction may assist in development of
new patient outcome measures reflective of
processes of outpatient care delivery at the
physician and/or facility levels.

Our study has several strengths including
the use of a comprehensive and longitudinal
dataset that employed several widely used
outcome measures (Fleisher et al., 2004,
2007; Mezei & Chung, 1999; Warner et al.,
1993) and a validated risk-adjustment method-
ology (Meciejewski et al., 2005; Petersen
et al., 2005). Despite these and other
strengths, the pooled cross-sectional design
we utilized to overcome the relative rarity of
the adverse outcomes was nonexperimental
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and therefore, unable to confirm causal-
ity. Even though higher annual procedural
volume is believed to sharpen physicians’
technical skills and enhance the coordination
efficiencies of a care team (Chowdhury et al.,
2007; Luft, 1980), an alternative explanation
to our observed findings is that facilities
and/or physicians that consistently provide
high quality care earn more frequent referrals
from colleagues and patients (Chowdhury
et al., 2007). Future research should employ
prospective study designs to establish a better
understanding of causality in the outpatient
setting.

Other limitations of our study include the
use of administrative data for identification
of adverse outcomes and risk-adjustment. The
use of administrative data for these purposes
is suboptimal (Iezzoni, 1994, 1997; lezzoni
et al., 1992, 1994; Romano & Mark, 1994).
In the current study, even though we have
excluded the most obvious hospitalizations
unrelated to outpatient procedures using
ICD-9-CM codes (eg, all malignancies, psychi-
atric disorders, and human immunodeficiency
virus/acquired immunodeficiency syndrome
cases), given the nature of our data, we were
unable to separate other unrelated hospitaliza-
tions from hospitalizations that occurred due
to complications of outpatient procedures. A
medical chart abstraction approach, involv-
ing panels of experts, is proposed for future
studies to clearly identify hospitalizations re-
lated to complications of outpatient proce-
dures. Future studies should also use medi-
cal charts for more reliable risk adjustment
(Halm et al., 2002) because availability of de-
tailed clinical data may resolve issues associ-
ated with reporting and coding of secondary
diagnoses (that are commonly used for risk-
adjustment) by outpatient providers.

We attempted to account for some limi-
tations of administrative data. We used a 7-
day measure of hospitalization, which may
have helped to minimize the effects of extra-
neous factors unrelated to outpatient proce-
dures (Fleisher et al., 2004) and it is likely
that complications due to outpatient proce-
dures may be occurring in a shorter time span
as well. Mortality at 7 days was a rare event

for patients undergoing an ambulatory proce-
dure; thus, as standard errors become large, it
becomes increasingly difficult to detect statis-
tical differences when they exist.

We were unable to control for patients’ in-
come levels or their ability to access needed
care. Therefore, we could not directly ac-
count for a possibility that indigent patients
are being hospitalized or dying regardless of
the experience levels of their physicians and
facilities. We were able, however, to identify
Medicaid and self-pay patients (ie, potentially
underinsured and/or uninsured patients). Al-
though payer type variables were not direct
measures of patients’ income or access to
care, these variables may potentially account
for some differences in these patients’ char-
acteristics. Lastly, our study was conducted
in a single state, so future studies from areas
representing diverse geographic settings are
encouraged.

Even though future research is needed to
address the issues of generalizability, causal-
ity, and selection of adverse events, health-
care policy makers, payers, providers, man-
agers, and patients should be aware of
potential volume effects (by individual physi-
cians and by the overall facility) on patient
outcomes. A more immediate and viable ap-
proach may be for residency and fellowship
programs to expose trainees to a greater num-
ber of outpatient procedures to assure an ap-
propriate development of their clinical skills
and procedure-specific competencies. Future
research also should verify this relation-
ship and potentially determine the precise
annual provider caseload needed for assuring
improved quality performance.

As we learn more about the relationship
between facility and physician volumes and
patient outcomes in the outpatient setting,
these data may be made publicly available
to improve transparency, accountability, and
decision-making. This could empower con-
sumers to make informed choices on where
to obtain outpatient services, motivate ambu-
latory care providers and managers to monitor
their volume and quality performance, and al-
low payers and policy makers to encourage
improvements in outpatient quality of care.
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